Introduction {#S0001}
============

Lung cancer is one of the most leading cancers around the world.[@CIT0001] Non-small-cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancer patients.[@CIT0002] Currently, platinum-based chemotherapy is one of the primary treatments for NSCLC, especially for patients in advanced stage.[@CIT0003],[@CIT0004] Recent studies further showed that platinum-based chemotherapy combined with immunotherapy including pembrolizumab and atezolizumab could enhance therapeutic effects.[@CIT0005],[@CIT0006] However, patients show different responses to platinum, which becomes one of the major limitations in the clinical treatment. Therefore, it is necessary to identify biomarkers with the capability of predicting platinum response.

A large number of studies demonstrated that genetic alterations were associated with drug response.[@CIT0007],[@CIT0008] Thus, they could be served as effective biomarkers for platinum response prediction. Previously, our and other studies have identified some germline mutations significantly associated with platinum response in NSCLC patients.[@CIT0009]--[@CIT0012] Based on these findings, we established a prediction model integrating both germline mutations and clinical factors by using data mining techniques. This model achieved an overall accuracy of 0.76 with the receiver operating characteristic (ROC) area under curve (AUC) of 0.80.[@CIT0009] However, the performance of this model still needs to be improved. We propose that germline mutations cannot completely predict platinum drug response. Other biomarkers are still waiting to be discovered.

Mutations accumulated in somatic cells can lead to cancer.[@CIT0013] Some somatic mutations have been successfully developed as cancer treatment targets. Thus, various types of somatic mutations including single nucleotide variants (SNVs), insertion-deletion (InDel) and somatic copy number variations (SCNVs) can be used as biomarkers to predict drug response. Previously, somatic mutations were mainly used in targeted drug therapy, such as epidermal growth factor receptor-tyrosine kinase inhibitor (EGFR-TKI).[@CIT0014] In recent years, some studies found that somatic mutations were also associated with the response of chemotherapeutic drugs such as anthracycline.[@CIT0015] Therefore, we hypothesized that they might also affect platinum response in NSCLC patients and could be developed as new pharmacogenomics (PGx) biomarkers for platinum.

In this study, we aimed to evaluate the association of somatic mutations with platinum response in Chinese NSCLC patients. These results may provide more information to support platinum drug response prediction.

Patients and Methods {#S0002}
====================

Ethical Statement {#S0002-S2001}
-----------------

The study was approved by the Ethics Committee of Xiangya Hospital, Central South University (permission NO.201904103). All participants signed informed consent prior to inclusion in the study. This study was conducted in accordance with the Declaration of Helsinki.

Patient Samples {#S0002-S2002}
---------------

We prospectively enrolled 72 patients diagnosed with primary NSCLC at Xiangya Hospital, Central South University (Changsha, Hunan, China). All patients received at least 2 cycles of platinum-based chemotherapy and were not given radiotherapy and/or biological therapy before and during chemotherapy. As indicated in [[Figure S1](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}, we got pre-chemotherapy samples from 57 patients who received chemotherapy only, including formalin fixed paraffin embedded (FFPE) samples from 43 patients, plasma cell-free DNA (cfDNA) from 8 patients, and matched FFPE samples and plasma cfDNA from 6 patients. In addition, we got samples from 13 patients who received platinum-based neoadjuvant chemotherapy (NAC), including matched pre- and post-chemotherapy samples from 4 patients and post-chemotherapy samples from 9 patients. According to the Response Evaluation Criteria in Solid Tumors (RECIST) guideline, we regarded complete response (CR) and partial response (PR) as responders, while stable disease (SD) and progressive disease (PD) were non-responders.

DNA Extraction and Sequencing {#S0002-S2003}
-----------------------------

Genomic DNA was extracted from venous blood using Wizard Genomic DNA Purification Kit (Promega, WI, USA). Fresh frozen tissue DNA, FFPE DNA and cfDNA were extracted using DNeasy Tissue Kit (Qiagen, Hilden, Germany), GeneRead DNA FFPE Kit (Qiagen) and QIAamp Circulating Nucleic Acid Kit (Qiagen), respectively. Extracted DNA was quantified by NanoDrop ND-1000 spectrophotometer (Thermo Scientific, Delaware, USA) and Qubit 2.0 Fluorometer (Life Technologies, Massachusetts, USA). The integrity of DNA was examined by agarose gel electrophoresis. Targeted sequencing depth of DNA from FFPE samples and cfDNA was more than 1000× and 5000×, respectively. Whole exome sequencing (WES) depth of DNA from blood, fresh frozen tissue and FFPE samples was 100×, 200× and 500×, respectively. Tumor cell percentage was assessed based on the hematoxylin-eosin (HE) staining. The proportion of tumor cells was more than 10% in FFPE samples used for targeted sequencing and was more than 30% in FFPE samples for WES. Targeted sequencing and WES was performed on Illumina Nextseq500 (Illumina, CA, USA) and Novaseq platform (Illumina), respectively.

Bioinformatics Analysis {#S0002-S2004}
-----------------------

### Sequence Alignment and Variant Calling {#S0002-S2004-S3001}

Trimmomatic was used for quality control of raw data in FASTQ file format.[@CIT0016] The adapter contamination, low quality and unrecognizable nucleotides were discarded. Remained clean reads were aligned by Burrows Wheeler Aligner (BWA).[@CIT0017] SAM tools[@CIT0018] and Picard ([<http://broadinstitute.github.io/picard/>]{.ul}) were used to sort BAM files and remove duplicates. GATK was employed for local realignment and base quality recalibration.[@CIT0019] Then, the generated final BAM files were subjected to variant calling. Only high-quality reads were inputted. SNVs and InDels were called by Mutect[@CIT0020] and Strelka.[@CIT0021] Finally, filtered variants were annotated by ANNOVAR.[@CIT0022] In the current study, only somatic mutations in exons and splice sites were further analyzed. Control-FREEC was utilized to detect SCNVs.[@CIT0023] Tumor mutation burden (TMB) was defined as the total number of nonsynonymous SNV and InDel variants.

### Mutational Signature, Functional Classification and Pathway Analysis {#S0002-S2004-S3002}

R package of "deconstructSigs" was used to access mutational signature contribution. All discovered signatures were compared to the 30 signatures in COSMIC database.[@CIT0024] The enriched functional groupings Gene Ontology (GO) classification and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways were analyzed by using Database for Annotation Visualization and Integrated Discovery (DAVID).[@CIT0025]

Statistical Analysis {#S0002-S2005}
--------------------

SPSS software (IBM, NY, USA) was used for statistical analysis. Independent samples *t*-test was used to compare the variant allelic fractions (VAF) of somatic mutations between responders and non-responders. For focal GO and KEGG pathway analysis, P value was corrected for multiple hypothesis testing using the Benjamini--Hochberg method. A two-sided P value less than 0.05 was considered to be statistically significant in all analyses.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

The clinical characteristics of this cohort are summarized in [Table 1](#T0001){ref-type="table"}. The median age of the patients was 57 years at the time of treatment initiation. Most of them (91.43%) were stage III or IV at diagnosis. 88.57% of the patients were men and 77.14% of them had a history of smoking. We performed targeted sequencing on the pre-chemotherapy samples of 57 patients who received chemotherapy only and WES on the samples of 13 patients who received NAC.Table 1The Clinical Characteristics of PatientsCharacteristicsn%**Age, years** Median57 Range37--75**Gender** Male6288.57 Female811.43**Stage** I11.43 II57.14 III2231.43 IV4260.00 **Histologic type** Adenocarcinoma3752.86 Squamous cell3144.29 Others22.85**Responders** Complete response (CR)00 Partial response (PR)2941.43**Non-responders** Stable disease (SD)3752.86 Progressive disease (PD)45.71**Smoking status** Never smoker1622.86 Smoker5477.14

cfDNA-tDNA Mutation Spectrum Consistence Analysis {#S0003-S2002}
-------------------------------------------------

Tissues were required for detection of somatic mutations. However, they were not easy to sequentially obtain during the treatment. Therefore, we evaluated the consistency between the detected mutations in tumor and plasma. The VAF of mutations detected in plasma cfDNA was significantly lower than that in tissue DNA (tDNA) ([Figure 1A](#F0001){ref-type="fig"}) and showed a poor correlation ([Figure 1B](#F0001){ref-type="fig"}). However, the mutation counts detected in tDNA and cfDNA were highly correlated ([Figure 1C](#F0001){ref-type="fig"}). Then we examined the consistency of each individual variant detected in tDNA and cfDNA of the same patient. Most of the tDNA mutations with high VAF could also be detected in cfDNA, although some mutations with low VAF were not found. On the contrary, it was interesting to note that most of the cfDNA mutations with high VAF could not be detected in tDNA ([Figure 1D](#F0001){ref-type="fig"}). Then we characterized the spectrum of somatic variants in matched samples of each patient. Two-thirds of patients shared exactly the same mutations in matched tDNA and cfDNA ([Figure 1E](#F0001){ref-type="fig"}). Based on these results, we found that even though the VAF of somatic mutations detected in tDNA was higher than that in cfDNA, cfDNA could cover the main information of tDNA. More importantly, cfDNA could provide additional mutation information which could not get from tDNA. Previous other studies also supported this conclusion.[@CIT0026] Thus, we concluded that somatic mutations detected in cfDNA were consistent with that in tDNA. They were included in the subsequent somatic mutation analysis.Figure 1Mutation spectrum consistency analysis between tDNA and cfDNA. (**A**) VAF of all mutations detected in tDNA and cfDNA. (**B**) Correlation of VAF between the same mutation detected in tDNA and cfDNA. (**C**) Correlation of mutation counts between tDNA and cfDNA. (**D**) VAF of somatic mutations detected in tDNA and cfDNA from the same patient. Genes with the same colors represent that they were from the same patients. (**E**) Mutation spectrum of patients with matched tDNA and cfDNA.

Somatic SNVs/InDels {#S0003-S2003}
-------------------

### SNVs/InDels Identified in Patients Who Received Chemotherapy Only {#S0003-S2003-S3001}

Next, we investigated the association between somatic mutations and clinical outcomes using targeted sequencing data from 57 patients who received chemotherapy only. A total of 26 cancer-related genes were included in this analysis. 8 somatic mutations in 6 genes were detected only in responders, while 27 somatic mutations in 12 genes were detected only in non-responders ([Figure 2](#F0002){ref-type="fig"}). However, mutations located in these genes occurred in too few patients. The top 3 genes with highest mutation frequency were TP53, EGFR and KRAS ([Figure 2](#F0002){ref-type="fig"}). In addition, their variant distributions were disequilibrium between two groups. Thus, they were further analyzed.Figure 2Distributions of somatic mutations derived from patients received platinum-based chemotherapy only. Each column represents one patient. Mutation counts of each patient were shown at the top. Mutation counts of each gene in patients were shown at the right.

Somatic mutations in TP53 were identified in responders and non-responders with a frequency of 60% and 72.22%, respectively. The VAF of TP53 in non-responders was significantly higher than that in responders ([[Figure S2A](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). Then we analyzed the composition of mutation types of TP53 in responders, non-responders and both groups ([[Figure S2B](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). While somatic EGFR mutations were less frequently occurred in non-responders (21.05%) than that in responders (47.37%). Their locations in the gene were shown in [[Figure S2C](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}. Among them, p.L858R was identified as gain of function mutation.[@CIT0027] For KRAS, somatic mutations were more frequently identified in non-responders (21.05%) than in responders (5.26%). It was noteworthy that all KRAS mutations in responders and non-responders were missense mutation and located at the same site of protein functional domains ([[Figure S2D](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). As a conclusion, somatic mutations in TP53 and KRAS may be associated with platinum resistance. While somatic mutations in EGFR may be associated with platinum sensitivity.

### SNVs/InDels Identified in Patients Who Received NAC {#S0003-S2003-S3002}

To explore more mutations, we employed WES data from 13 patients receiving NAC. We hypothesized that somatic mutations related to platinum response would have a significant change after being exposed to platinum. After treatment, tumor cells carrying sensitive mutations would be killed. Thus these alterations would disappear. On the contrary, tumor cells carrying resistant somatic mutations could survive during chemotherapy. In addition, some acquired mutations may occur during chemotherapy.

Therefore, the mutations uniquely existed in pre- or post-chemotherapy tumors may be associated with platinum sensitivity or resistance, respectively. Firstly, we explored SNVs in matched pre- and post-chemotherapy samples of 4 patients. Totally, 880 and 101 SNVs were, respectively, identified only in pre- or post-chemotherapy samples ([Figure 3](#F0003){ref-type="fig"} and [[Tables S1](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul} and [[S2](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). For each individual patient, the SNV with highest VAF existed only in pre- or post-chemotherapy sample is highlighted in [Figure 3A](#F0003){ref-type="fig"}--D. However, no SNV occurred in two or more patients.Figure 3Circos plot showing SNV and SCNV alteration after chemotherapy in patient 1 (**A**), patient 2 (**B**), patient 3 (**C**) and patient 4 (**D**). The data was from WES. Each wedge represents a chromosome. In the outer track (green background), each point represents a nonsynonymous SNV, with detected in both pre- and post-chemotherapy samples (gray), in pre-chemotherapy samples only (green) or post-chemotherapy samples only (red). The y-axis position indicates the VAF value. The middle and inner tracks show CNVs in the pre- and post-chemotherapy samples, respectively (dark green: copy number = 0; light green: copy number = 1; light red: copy number = 3; dark red: copy number \>3). The red circle highlighted highest VAF SNV existed only in pre-or post-chemotherapy samples.

Thus, we analyzed SNV/InDel located genes. The genes existed only in pre-chemotherapy samples of two or more patients may be associated with platinum sensitivity. As a result, 124 genes were identified ([Figure 4A](#F0004){ref-type="fig"}). The genes shared in both pre- and post-chemotherapy samples and genes existed only in post-chemotherapy samples of at least 2 patients may contribute to platinum resistance. Six genes were identified ([Figure 4B](#F0004){ref-type="fig"}). Two genes were shared in both sensitivity and resistance groups and thus be excluded from sensitivity group. Among the other 122 platinum-sensitive genes, the top 7 genes with highest mutation occurrence frequencies were RYR3, COL5A3, GP2, MUC5B, OBSCN, ASXL2 and PCNXL2 ([Figure 4C](#F0004){ref-type="fig"}). The other genes were shown in [[Figure S3](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}.Figure 4Genetic mutations associated with platinum response identified in patients receiving NAR. (**A**) and (**B**) Venn diagram depicting shared genes detected only in pre-chemotherapy (**A**) or only in post-chemotherapy (**B**) samples. (**C**) Mutation spectrum of 7 overlapped genes with highest occurrence frequencies, which were detected only in pre-chemotherapy samples. (**D**) Venn diagram depicting genes identified in both discovery (matched pre- and post-chemotherapy samples) and validation samples (post-chemotherapy samples only). (**E** and **F**) Locations of mutation sites in TTN and TP53 genes. Green and black plots represent missense and truncating mutations, respectively.

Even though lacking pre-chemotherapy control, platinum-resistant mutations remained in post-chemotherapy samples after platinum treatment. Therefore, another 9 post-chemotherapy samples were used for validation of platinum-resistant genes. It was considered as platinum-resistant gene if mutations in this gene occurred in at least 2 patients. As a result, a total of 101 genes were identified ([[Figure S4](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). Among them, two genes, TTN and TP53, overlapped with the results identified in matched pre- and post-chemotherapy samples ([Figure 4D](#F0004){ref-type="fig"}). TTN and TP53 had a top occurrence frequency of 55.56% and 66.67% in the validation samples, respectively ([[Figure S4](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). The distribution of TTN mutation sites was relatively scattered and almost all of them were missense mutations except for two truncating mutations ([Figure 4E](#F0004){ref-type="fig"}). For TP53, all mutation sites were concentrated in P53 domain and all of them were missense mutations ([Figure 4F](#F0004){ref-type="fig"}). In addition, TP53 was identified as a platinum-resistant gene in patients who received chemotherapy only ([[Figure S2A](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). In conclusion, somatic mutations in TTN and TP53 were associated with platinum resistance.

SCNVs {#S0003-S2004}
-----

In addition to SNVs/InDels, SCNVs were also important for cancer development and may affect the sensitivity of anti-cancer drug.[@CIT0028] Therefore, we explored the association of SCNVs with platinum response by using sequential WES data. Firstly, we analyzed the change of SCNVs in 4 matched samples and found that there was an overall decrease in SCNVs after chemotherapy in all patients ([Figure 3](#F0003){ref-type="fig"}). SCNVs in chromosome 8q24.3 occurred only in all 4 pre-chemotherapy samples, indicating that it may be associated with platinum sensitivity. SCNVs in 3q26.1, 3q29, 22q11.21 and 21q21.3 occurred only in at least two post-chemotherapy samples. Copy number gain in 22q11.21 was validated in another 9 post-chemotherapy samples, which may indicate that it was associated with platinum resistance ([Figure 5](#F0005){ref-type="fig"}). As a conclusion, SCNVs in 8q24.3 and 22q11.21 were identified to be associated with platinum sensitivity and resistance, respectively.Figure 5SCNVs associated with platinum response. Circos plot showing somatic copy number variations detected in 9 post-chemotherapy samples (grey: background; dark green: copy number = 0; light green: copy number = 1; light red: copy number = 3; dark red: copy number \>3).

Mutational Signatures {#S0003-S2005}
---------------------

To better understand the role of somatic mutations in platinum response, we performed mutational signature analysis based on all SNVs of matched pre- and post-chemotherapy samples. Similar to the SNV analysis strategy, we hypothesized that a specific mutational signature sensitive to platinum might disappear after chemotherapy and vice versa. Mutational signatures 3 and 16 were uniquely existed in the post-chemotherapy sample of patient 1 ([[Figures S5A](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul} and [[S6A](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). Mutational signatures 3, 13, 21 and 30 were uniquely existed in the post-chemotherapy samples of patient 3 ([[Figures S5B](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul} and [[S6B](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). Because almost no SNV was identified in post-chemotherapy samples of patients 2 and 4, the mutational signature of them could not be identified. There was no overlapped mutational signature uniquely existed only in pre-chemotherapy samples of patient 1 or 3 ([[Figure S5C](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). Mutational signature 3 was uniquely existed in the post-treatment samples of both patients ([[Figure S5D](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). Then we used the other 9 post-chemotherapy samples to further verify the role of mutational signature 3 in platinum resistance and found it was occurred with a high frequency of 66.67% ([[Figure S5E](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). Mutational signature 3 was reported to be associated with the failure of DNA double-strand break (DSB) repair by homologous recombination (HR). However, it accounted for a small proportion in all mutational signatures of nearly all post-chemotherapy samples ([[Figure S5A, B](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul} and [[E](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}).

Gene Ontology and Pathway Analysis {#S0003-S2006}
----------------------------------

Based on our results mentioned above, 1 and 122 platinum-sensitive genes were identified from patients receiving chemotherapy only and patients receiving NAC, respectively. Besides, 2 and 104 platinum-resistant genes were identified from patients receiving chemotherapy only and patients receiving NAC, respectively. To further understand how these somatic alternations affected platinum response, we performed GO and KEGG analysis based on these identified genes. In GO analysis, platinum-sensitive and platinum-resistant genes were most enriched in smooth endoplasmic reticulum and homophilic cell adhesion via plasma membrane adhesion molecules, respectively ([[Figure S7A](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). In KEGG pathway analysis, platinum-sensitive genes were most enriched in calcium signaling pathway ([[Figure S7B](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). Platinum-resistant genes were not enriched in any pathway. Thus, calcium signaling pathway may be associated with platinum sensitivity.

TMB Change {#S0003-S2007}
----------

TMB was regarded as one important predictor for immunotherapy response. One recent research suggested that TMB combined with PD-L1 expression could predict platinum response.[@CIT0029] Therefore, we hypothesized that TMB may relate to platinum response. We analyzed the TMB change based on the WES data from matched samples. After chemotherapy, the TMB had a significant decrease in patients 2, 3 and 4, who had a better response to platinum-based chemotherapy ([[Figure S8A, B](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul} and [[D](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). On the contrary, the TMB had nearly no change between pre- and post-treatment samples of patient 1 who was the non-responder ([[Figure S8C](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). These results suggested that the decrease of TMB may relate to platinum sensitivity.

Validation of Identified Genes {#S0003-S2008}
------------------------------

Somatic mutations in TTN, TP53, KRAS and EGFR were identified to be associated with platinum response. To further verify this result, we analyzed the IC50 values in different cancer cells treated by cisplatin from the Genomics of Drug Sensitivity in Cancer (GDSC) database ([<https://www.cancerrxgene.org/>]{.ul}). The IC50 values in cells with TP53 mutation or KRAS mutation were higher than that in wild type cells ([[Figure S9A](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul} and [[B](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}), which indicated that TP53 and KRAS mutations were related to cisplatin response. However, there was no statistical difference between the IC50 values in EGFR-mutated and EGFR-wild type cells ([[Figure S9C](http://www.dovepress.com/get_supplementary_file.php?f=254747.pdf)]{.ul}). The association of TTN mutation and cisplatin response was not analyzed due to the lacking of data. These results confirmed our conclusion that somatic mutations in TP53 and KRAS were associated with platinum resistance.

Discussion {#S0004}
==========

In this study, we explored the association of somatic mutations with platinum response in NSCLC patients. Somatic mutations in TTN, TP53, KRAS and EGFR and SCNVs in chromosome 8q24.3 and 22q11.21 were found to be associated with platinum response. Calcium signaling pathway was identified to be associated with platinum sensitivity. Besides, we found that mutational signature 3 was associated with platinum resistance and the decrease of TMB tended to be correlated with better platinum response. These results indicated that somatic mutations could affect platinum response.

Previous studies also explored the effect of somatic mutations on platinum response. Many of them focused on some special genes such as DNA repair genes.[@CIT0030] One study explored the association of somatic mutations with platinum response in muscle-invasive bladder cancer (MIBC) by using WES, which mainly focused on mutational signature and tumor evolution.[@CIT0031] However, few studies explored somatic mutations associated with platinum response in lung cancer. We explored somatic mutations in matched pre- and post-chemotherapy samples of NSCLC patients who received NAC at whole exome level. These results provided more specific somatic mutations correlated with platinum response. Of them, somatic mutations in TTN were identified to be associated with platinum resistance. TTN consists of 364 exons and produces the largest known protein.[@CIT0032] Previous studies reported that somatic mutations in TTN frequently occurred in a number of cancer types.[@CIT0033] We firstly reported that it was also associated with platinum resistance. In addition, somatic mutations in TP53 were identified to be associated with platinum resistance in patients receiving chemotherapy only and patients receiving NAC, which was consistent with the results of previous other studies.[@CIT0034] To further confirm these results, we performed bioinformatics analysis and found that cells with TP53 mutation or KRAS mutation had higher IC50 values of cisplatin in cancer cells.

Based on all identified genes with somatic mutations, calcium signaling pathway was found to be associated with platinum sensitivity. This result further supported the important role of calcium signaling pathway in platinum response.[@CIT0035] Besides, we found that mutational signature 3 was associated with platinum resistance. However, this signature is correlated with failure of HR. HR deficiency was reported to promote responding to platinum in breast cancer.[@CIT0036] This inconsistency indicates that the role of mutational signature 3 in platinum response may still need to be further determined. One possible explanation may be that nucleotide excision repair (NER) rather than HR is the most primary way to repair DNA damages induced by platinum.[@CIT0037]

In addition, we found that SCNVs had a decrease after chemotherapy, which was not consistent with previous studies.[@CIT0031] This may result from different tumor types and purity. For TMB, we found that patients with a decrease of TMB after chemotherapy tended to have a better response to platinum. One recent research suggested that TMB tended to have a decrease after platinum chemotherapy.[@CIT0038] We propose that it may become a predictor for platinum response, which still needs to be further verified by larger size of patients. Therefore, in addition to single mutation, other factors such as SCNVs and TMB also should be taken into account when evaluating the effect of somatic mutations on platinum response.

Our study supports that somatic mutations contribute to platinum response. Somatic mutations only occur in some somatic cells, while germline mutations exist in all somatic cells. One previous study made a direct comparison between germline and somatic mutation rates in humans. It found that somatic mutation rate was much higher than germline mutation rate. In addition, it was reported that somatic mutations may interact with germline mutations.[@CIT0039] Therefore, taking somatic mutations into consideration may improve the performance of platinum drug response model we previously established.[@CIT0009] However, biopsy tissues are not easy to obtain from patients. Thus, we attempted to detect somatic mutations in cfDNA instead of tDNA. We found that mutations detected in cfDNA were consistent with that in tDNA. While the VAF of cfDNA was much lower than tDNA, which may result from low levels and short half-life of cfDNA. Previous studies focused less on the VAF difference of mutations detected in cfDNA and tDNA. While one study showed that the average VAF of cfDNA from NSCLC patients was at a low level of 12.8%, which supported our results.[@CIT0040] Besides, cfDNA could provide more information than tDNA, which was consistent with previous investigations.[@CIT0041] This may result from the tumor heterogeneity. Therefore, we could detect somatic mutations in cfDNA instead of cfDNA to monitor somatic mutations and predict platinum response.

There are several limitations in our study. One limitation of our study is that the sample size is small, especially matched pre- and post-chemotherapy samples of patients who received NAC. In addition, the biological function and mechanism of these identified genes in platinum response are still need to be further studied. In conclusion, our results confirmed that somatic mutations contributed to platinum response and provide more information for guiding the clinical use of platinum.

This work was supported by the National Natural Science Foundation of China (81773823, 81573463, 81571151, 81641039), National Science and Technology Major Project of China (2017ZX09304014, 2019ZX09201-002-006), National Science & Technology Fundamental Resources Investigation Program of China (2018FY100900), Key Research and Development Program of Hunan Province (2016JC2039, 2019SK2251).

Disclosure {#S0005}
==========

The authors declare no conflict of interest.
